ABSTRACT The coefficient of apparent ileal digestibility (CAID) of DM, gross energy (GE), N, and amino acids (AA) of 6 soybean meal (SBM) samples were compared in 21-d-old broilers. In addition, the digestibility of DM and N of diets that contained these SBM were tested in vitro. Four of the SBM were of South American origin, had a CP content varying from 45.2 to 47.2% and a trypsin inhibitor activity (TIA) varying from 4.1 to 6.5 mg/g, and were collected from local traders. The other 2 SBM were from US origin; one was a branded product with 48.6% CP and 1.8 mg of TIA/g and the other was obtained from soybeans of US origin that were dehulled and processed in Spain (50.6% CP and 2.4 mg of TIA/g). The experimental design was completely randomized with 6 diets and 6 replicates per treatment. Chicks were fed a commercial diet from 1 to 16 d of age and then their respective experimental diets for 5 d. The diets were based on sucrose and corn starch, with the SBM tested as the only source of protein. At 21 d of age, digesta was collected from the distal ileum and the CAID of nutrients was determined using celite as an indigestible marker. Diets that included the 2 SBM with the greatest CP content had greater CAID of DM (P ≤ 0.001), GE (P ≤ 0.001), N (P ≤ 0.01), and S AA (P ≤ 0.001) than the other diets. The regression coefficient (R 2 ) between in vitro and in vivo CAID was 0.76 for DM and 0.68 for N (P ≤ 0.05). We conclude that DM, GE, N, and AA digestibility varies among SBM samples with the greater values for those samples with the greater CP and lesser TIA. Also, the in vitro test can be used to predict ileal digestibility of DM and N of SBM in broilers.
INTRODUCTION
Soybean meal (SBM) is the primary protein source in diets for poultry throughout the world. Most tables on nutrient composition of ingredients (NRC, 1994; Institut National Recherche Agronomique, 2002; Fundación Española Desarrollo Nutrición Animal, 2003) include only 2 types of SBM based on the CP content: regular SBM with approximately 44% CP and dehulled SBM with approximately 47.5% CP. Usually, the amino acid (AA) profile and N digestibility reported in these publications is similar for the 2 SBM. For example, Fundación Española Desarrollo Nutrición Animal (2003) gives the same AA profile and similar true ileal digestibility coefficient of Lys for SBM 44% and 47.5% CP (87 and 89%, respectively), and Institut National Recherche Agronomique (2002) gives the same AA profile and true ileal digestibility of Lys for both SBM. In fact, the feed compound industry accepts that the digestible AA content of SBM per unit of protein is constant, irrespective of variables such as origin, genotype, processing, and storage conditions. However, the AA profile and nutritive value of available SBM might not be as uniform and predictable as it is believed (Irish and Balnave, 1993; Dudley-Cash, 1997; Douglas et al., 2000) . For example, it has been demostrated that bean genotype (Cromwell et al., 1999; Palacios et al., 2004) and location and environment in which the original beans were grown affect the nutrient content and availability of the SBM (van Kempen et al., 2002; Goldflus et al., 2006) . In addition, the conditions applied during heat-processing (HP) of the beans add further variability to the quality of the resultant SBM (Waldroup et al., 1985; Parsons et al., 1991b) .
The nutritional value of SBM for poultry is limited by several antinutritional factors (ANF) that interfere with feed intake and nutrient metabolism. A high content in protease inhibitors, especially trypsin inhibitors (TI), adversely affects protein digestibility and AA availability, but HP counteracts most of these effects. However, an excess of heat increases Maillard reactions between the amino group of the AA and the reducing sugars and consequently, decreases energy and AA digestibility (Qin et al., 1998) . Therefore, the conditions applied during HP are a compromise between inactivation of ANF and destruction of essential available nutrients.
One of the most important problems faced by the feed compound industry is the lack of techniques to evaluate correctly the quality of commercial SBM. Most of the methods available are based on changes caused by heat on the physical and chemical characteristics of the SBM. Urease activity (American Oil Chemists Society, 2000) , protein dispersibility index (PDI; Batal et al., 2000) , and KOH protein solubility (Araba and Dale, 1990a,b; Parsons et al., 1991a) are the tests most widely used to evaluate SBM quality. However, none of these methods are reliable, because their consistency and sensibility vary widely among laboratories and the results do not correlate always with the intensity of the process (Engram et al., 1999; Valencia et al., 2008a,c) . On the other hand, the determination in the laboratory of the TI content of SBM and its relationship with AA availability is tedious and time-consuming and provides inconsistent results, probably because of differences in methodology among laboratories (Rackis et al., 1974) and difficulties associated with the chemical analyses (Lee and Garlich, 1992) . Consequently, new methods are required to better evaluate the nutrient composition, ANF content, and ileal digestibility coefficient of gross energy (GE) and AA of SBM.
Most published data on digestible AA of ingredients have been obtained from assays with roosters, using excreta values (Green et al., 1987; McNab, 1994) . However, new evidences suggest that the coefficient of apparent ileal digestibility (CAID) is a better indicator of AA availability than the coefficient of total tract digestibility , but in vivo trials are expensive and time-consuming. Furthermore, the variability in the CAID of AA among samples of the same feedstuff is large because of differences in the methodological approach . Consequently, there is a need to find alternatives to in vivo trials for routine determination of protein and AA digestibility in feeds. An in vitro method proposed to simulate the digestive processes that occur in the digestive tract of the animal and to estimate the digestibility of CP and GE of ingredients is that of Boisen and Fernández (1995) . However, this method has been tested in pigs and no data are available on its usefulness for poultry.
The aim of this research was to examine the CAID of protein and AA of 6 different SBM varying in protein content and origin in 21-d-old broilers. In addition, the DM and CP digestibility of the diets based on these SBM were assessed in vitro and the relationship between the in vitro and in vivo values was determined.
MATERIALS AND METHODS

Husbandry and Experimental Design
All the experimental procedures used in this research were approved by the Animal Ethics Committee of the Universidad Politécnica de Madrid and were in compliance with the Spanish guidelines for the care and use of animals in research (Boletín Oficial del Estado, 2005) . A total of 216 one-day-old straight-run broiler chicks (Cobb 500) with an initial BW of 44.9 ± 3.91 g were obtained from a commercial hatchery (Cobb España, Alcalá de Henares, Spain) and randomly placed in groups of 6 in 36 battery cages (1 × 0.9 m 2 ; Avícola Grau S.A., Madrid, Spain). The cages were provided with wire flooring and were equipped with 2 drinkers and 1 open through feeder. Cages were randomly assigned to 6 treatments based on 6 different sources of SBM. On arrival of the chicks, room temperature was maintained at 33°C during 3 d and then was reduced gradually according to age until reaching 24°C at 21 d. Chicks received a 23 h/d light program and had free access to feed and water throughout the trial.
Soybean Meals and Diets
A total of 6 batches (400 kg each) of SBM were collected for this study. Four of the batches were obtained from commercial suppliers and were imported from Brazil (ports of Ilheus, Paranaguá, and Santos) and Argentina (port of Rosario). A SBM sample was obtained directly from the supplier (SoyMAX, Owensboro Grains Co. crushing plant, Owensboro, KY). The manufacturing of the special SBM included dehulling and processing the beans under an adequate set of conditions to reduce to a minimum the TI content of the meal without jeopardizing the digestibility of the AA. The other SBM was obtained from soybeans of high CP content from US origin and was processed and dehulled in Spain (Esasa, Valladolid, Spain). The SBM was ground using a hammer mill (Model Z-I, Retsch, Stuttgart, Germany) provided with a 2.5-mm screen and included as such in the corresponding diets. The composition of the experimental SBM is shown in Table  1 .
Chicks were fed a common commercial diet based on corn and SBM in crumbles from 1 to 16 d of age and then their respective experimental diets in mash form from 17 to 21 d of age. The diets were based on sucrose and starch with the SBM tested as the only source of protein (39.53 to 44.03% of inclusion in the diet according to their CP content). The diets were formulated to have similar energy (3,300 kcal AME n / kg) and protein (20% CP) content according to the nutrient composition of ingredients of Fundación Española Desarrollo Nutrición Animal (2003) and met or exceeded the nutritional recommendations of NRC (1994) for broilers (Table 2 ). It was accepted that the AA profile per kilogram of SBM of all the diets tested was the same (1.24% Lys, 0.30% Met, 0.80% Thr, and 0.26% Trp), and these values were used in the formulation of the diets. Celite (acid-washed diatomaceous earth, Celite Corporation, Lompoc, CA) was added at 2% to all diets to increase the acid insoluble ash (AIA) content. The estimated nutrient content and the determined analysis of the experimental diets are shown in Tables 3 and 4, respectively.
Laboratory Analyses
Soybean meals and diets were analyzed in triplicate for moisture by the oven-drying method (930.15), total ash by a muffle furnace (942.05), N by the combustion method (990.03) using a Leco equipment (model FP-528, Leco Corporation, St. Joseph, MI), and ether extract by Soxhlet fat analysis after 3 N HCl acid hydrolysis (920.39) as described by AOAC International (2000) . The GE was determined using an adiabatic bomb calorimeter (model 356, Parr Instrument Company, Moline, IL), and the AIA was analized using the technique described by Van Keulen and Young (1977) as modified by González-Alvarado et al. (2007) . Briefly, samples were analyzed sequentially for DM, ash, and AIA using the same beaker, and ashing was performed at 600°C for 12 h. The neutral detergent fiber (NDF) of the SBM was determined as described by Van Soest et al. (1991) and expressed on an ash-free basis. Sucrose and the oligosaccharides (raffinose and stachyose) were determined by the method of Múzquiz et al. (1992) as modified by Johansen et al. (1996) . Briefly, the carbohydrate was extracted in ethanol and water and the extract was analyzed by HPLC (model 3110, Perkin Elmer Inc., Waltham, MA).
The TI activity (TIA) of the SBM, expressed in milligrams per gram of SBM, was assayed according to Kakade et al. (1974) as modified by Welham and Domoney (2000) . Briefly, a sample (0.025 g) of SBM was ground using a grinder (Model Z-I, Retsch) provided with a 0.5-mm screen and was extracted with 1 mL of 0.05 mol/L of HCl using an orbital shaker for 1 h at 5°C. The extract was centrifuged at 10,822 × g for 4 min, and the supernatant was measured for TIA using N-α-benzoyl-dl-arginine-p-nitroanilide as specific the Netherlands). The KOH solubility was measured as indicated by Araba and Dale (1990a) . The concentrations of AA in SBM and feeds were determined by ion-exchange chromatography (Hewlett-Packard 1100, Waldbronn, Germany) after acid hydrolysis, following the procedure described by Jones et al. (1981) . Samples of SBM and diets were prepared by hydrolysis with 6 N HCl for 22 h at 110°C under reflux conditions. Nitrogen was bubbled through the mixture during the hydrolysis period. A large acid:sample ratio (400 mL:200 mg, vol/ wt) was used to reduce AA losses in the presence of carbohydrates. Protein hydrolysates and AA calibration mixture were derivatized with o-phthalaldehyde. For determination of Met and Cys concentration, separate samples were oxidized with performic acid before hydrolysis and measured as Met sulfone and cysteic acid, respectively (Moore, 1963) . Tryptophan was not determined. Ileal digesta samples were freeze-dried and analyzed for DM, ash, AIA, N, GE, and AA according to the procedures described previously for SBM and diets.
Coefficients of Apparent Ileal Digestibility
At 16 d of age, birds were fed their respective experimental diets ad libitum for 5 d. Then, all birds were killed by asphyxiation with CO 2 and the ileal digesta was collected. The intestine section from the vitelline Meckel's diverticulum to 2 cm anterior to the ileocecal junction was immediately removed, and the last two-thirds of this section were used for digesta sampling (Kluth et al., 2005) . The digesta was collected by gently flushing the contents with distilled water into plastic containers. The ileal digesta contents of the 6 birds within each pen were pooled, immediately frozen at −20°C, and freeze-dried. Dried ileal digesta samples were ground using a pestle and mortar to pass through a 0.5-mm screen and were stored in airtight containers at room temperature until chemical analyses. The CAID of DM, N, GE, and AA of the diets were estimated using AIA as an indigestible marker. All the analyses were performed in triplicate.
In Vitro Digestibility Assay
The in vitro digestibility of DM and N was determined in 3 replicates per sample (500 mg) by the method of Boisen and Fernández (1995) . The samples were ground (Model Z-I, Retsch), passed through a 0.5-mm screen, and incubated for 6 h at 39°C with a pepsin solution (porcine, 2000 FIP-U/g, Merck no. 7190, Whitehouse Station, NJ) at pH 2.0, followed by digestion with a mixture of protease, amylase, and lipase (porcine, pancreatin solution, Sigma P-1790, St. Louis, MO) at pH 6.8 and 39°C for 18 h. Next, 5 mL of 20% sulfosalicylic acid was added to all samples to help in the filtration process, and the solubilized, but not digested, proteins were precipitated. The undigested residues were then collected in a filtration unit (Fibertec System M, Tecator, Höganäs, Sweden), washed with ethanol and acetone, and dried at 80°C overnight, and the DM and N of indigested residuals were measured. The in vitro digestibility coefficients were calculated by difference between samples and undigested residues values, after correction for DM of a blank sample included in each series.
Statistical Analysis
Data were analyzed as a completely randomized design using the GLM procedure of SAS Institute (1990) . Results in tables are reported as means. All differences were considered significant at P ≤ 0.05. When the model was significant, the Tukey test was used to make pairwise comparisons between sample means. The experimental unit was the cage for all traits studied. In addition, the in vitro DM and CP digestibilities of the 6 diets were plotted against their respective in vivo values. The REG procedure of SAS Institute (1990) was used, and a linear least squares regression was set to provide linear equations that described the R 2 values. Furthermore, Pearson partial correlation analyses were conducted to determine the relationship between the different variables studied.
RESULTS
Laboratory Analysis
In general, the determined chemical analyses of the SBM were close to expected values (Table 1 ). The GE ranged from 4,254 to 4,171 kcal/kg, total ash from 6.6 to 5.5%, and ether extract from 2.1 to 0.8%. The main difference among SBM samples was found for CP that ranged from 50.6% for the SBM obtained in Spain from US beans (SPA) to 45.2% for the SBM collected from Santos (SAN). The AA profile varied also among SBM samples. The Lys content per unit of protein was greatest for Owensboro meal (OWE, 6.26%) and least for SAN meal (5.51%), and the Met content varied from 1.36% for Rosario meal (ROS) to 1.25% for SPA. Also, the NDF varied from 10.8% (SAN and Ilheus, ILH) to 7.0% (SPA and OWE). The oligosaccharide content varied from 6.38% (SAN) to 4.81% (SPA) and that of sucrose from 6.70% (OWE) to 5.26% (SAN). Urease activity was low (0.04 to 0.00 mg of N/g per min 30°C) for all samples, PDI varied from 15 ± 0.35% (SAN) to 10 ± 0.35% (OWE), and KOH varied from 85.2 ± 1.06% (SPA) to 80.5 ± 0.62% (ILH). The TIA differed among samples and was greatest for ROS (6.5 ± 0.20 mg/g) SBM and least for SPA (2.4 ± 0.25 mg/g) and OWE (1.8 ± 0.29 mg/g).
The nutrient content of the experimental diets was close to expected values with few exceptions (Tables  3 and 4 ). For CP, the calculated value was the same (20.0%) for all diets and the determined values ranged from 21.1% (ROS) to 19.7% (SPA). The Met content was within the expected range (0.30 to 0.25%), but the Lys and Thr content varied. For Lys, the calculated value for all diets was 1.24%, but those determined ranged from 1.34% (OWE) to 1.12% (SAN). For Thr, the expected values ranged from 0.80 to 0.74%, and the determined values varied from 0.89% for ROS to 0.80% for SPA, ILH, and SAN.
CAID
In general, the 2 SBM with the greater CP content (SPA and OWE) had the greatest CAID of nutrients ( Table 5 ). The CAID of N ranged from 85.5% for OWE to 77.9 and 77.3% for ROS and SAN, respectively (P ≤ 0.01), with the other SBM being intermediate. The digestibility of GE was greater (P ≤ 0.001) for SPA and OWE (85.8 and 85.3%) than for the other SBM (average of 80.1%). The CAID of the AA differed also among SBM samples (P ≤ 0.01), with the greatest value for OWE and SPA and the least for SAN. The values ranged from 85.1% (OWE) to 77.8% (SAN) for Lys, from 88.8% (OWE) to 81.9% (SAN) for Met, and from 76.0% (OWE) to 66.4% (SAN) for Thr.
In Vitro Digestibility
The in vitro digestibility varied from 91.6% (SPA) to 86.4% (ILH) for DM and from 97.1% (OWE) to 93.0% (SAN) for N ( Table 6) 
DISCUSSION
The chemical composition of the SBM tested was within expected values (NRC, 1994; Fundación Españo-la Desarrollo Nutrición Animal, 2003; Degussa, 2005) . The sugar content (sucrose, raffinose, and stachyose) was within the range reported by Leske and Coon (1999) and Parsons et al. (2000) . The OWE and SPA meals had lesser raffinose and stachyose content and greater sucrose content than the remaining SBM. In fact, the Pearson correlation coefficient was negative (P ≤ 0.001) between sucrose and oligosaccharide content (r = −0.718 for raffinose and −0.862 for stachyose) and positive (P ≤ 0.01) between sucrose and GE digestibility (r = 0.663). Parsons et al. (2000) indicated that when poorly digested oligosaccharides, such as raffinose and stachyose, were replaced by sucrose, the utilization of energy increased. This finding might help to explain in part the greater ME observed for the diets based on SPA and OWE meals.
The CP content was greatest for SPA (50.6%) and OWE (48.6%), reflecting the procedure used to produce the meal (original soybeans high in CP and efficiently dehulled). The KOH values were within the optimal range (80.5 to 85.2%) indicative of well-processed SBM, whereas the PDI were less than expected (Balloun, 1980; American Oil Chemists Society, 2000) . The usefulness of physico-chemical indices (KOH and PDI) as predictors of quality of SBM is a subject of debate. Araba and Dale (1990a,b) indicated that KOH is a good indicator of overprocessed and underprocessed SBM. However, Anderson-Hafermann et al. (1992) reported that KOH was not a good indicator of underprocessing SBM because of the poor consistency of the results and the low sensitivity to changes in heat treatment. On the other hand, Batal et al. (2000) found that PDI was a better predictor than KOH to evaluate the minimal amount of heat required to process SBM. In contrast, Hsu and Satter (1995) indicated that PDI analysis lacked sensitivity to indicate if a SBM sample was over-or underprocessed. Recently, Clarke and Wiseman (2008) found a strong negative correlation between BW gain and PDI of a single source of full-fat soybean processed under a different set of conditions. However, no Means within a row, not sharing a common superscript, are significantly different (P ≤ 0.05). 1 There were 6 cages of 6 chicks each per treatment. 2 The soybean meals were obtained from Argentina (Rosario port), Brazil (Ilheus, Paranaguá, and Santos ports), Spain (from soybeans of US origin), and the United States (SoyMAX, Owensboro, KY). relationship was found between growth and PDI when 8 different sources of commercially processed soybean samples were assessed. In the current trial, the variability of TIA among samples was high (6.5 to 1.8 mg/g) but within the range reported for well-processed SBM. The Pearson correlation coefficient found between PDI and TIA for the SBM was high (r = 0.69; P ≤ 0.01). Similarly, Araba and Dale (1990a,b) and Clarke and Wiseman (2005) found a fair relationship between PDI and TI content of SBM. In general, the AA profile of the SBM was within the range reported in the literature (NRC, 1994; Fundación Española Desarrollo Nutrición Animal, 2003; Degussa, 2005) , but the variability was greater than expected, especially for Lys (3.04 to 2.49%). Also, van Kempen et al. (2002) found that Lys content of SBM samples collected in the Netherlands (presumably of Brazilian origin) and of different regions of the United States varied from 3.20 to 2.87%.
The AA content of the experimental diets was close to expected values, except for Lys and Ile. The diets were formulated on a CP basis, accepting that the AA profile was identical for all SBM samples. Under these premises, the calculated Lys content of all the diets was 1.24%. However, the determined Lys content varied from 1.34% for the OWE diet to 1.12% for the SAN diet. Similarly, the calculated Ile content was 0.92% for all diets, but the determined values varied from 1.05% for the ILH diet to 0.82 for the SAN diet. When the determined AA profile of the SBM tested was considered in diet formulation, the differences between calculated and determined values for most limiting AA were small and of little practical interest for all the diets.
The CAID of nutrients varied with the SBM tested and were greater for OWE and SPA than for the other SBM. These 2 SBM had the greater CAID but also the lesser ash, NDF, and oligosaccharide content of all the SBM, which might have contributed also to the greater digestibility observed in these meals. Dilger et al. (2004) found a negative correlation between NDF content of SBM and the CAID of DM, GE, and of some AA that agree with our results (r = −0.667 for DM, −0.603 for CP, and −0.629 for GE; P ≤ 0.001). The influence of the oligosaccharide content of the SBM on nutrient digestibility is a subject of debate. In the current research, the SBM with the lesser oligosaccharide content (SPA and OWE) had also the greater CAID of nutrients. Raffinose and stachyose are not digested by poultry, and consequently, they do not contribute to the ME content of the diet. Leske et al. (1991 Leske et al. ( , 1995 identified raffinose as a causative agent of decreased protein efficiency ratio of SBM. In fact, van Kempen et al. (2006) found a negative correlation between stachyose content of SBM and the CAID of DM and GE. Also, reported that meal from genetically modified soybeans with low concentrations of α-galactosides had increased ME values compared with meal from conventional soybeans. Moreover, Leske et al. (1993) found that DM digestibility of SBM decreased as the concentration of oligosacharides increased. In contrast, Angel et al. (1988) and Irish et al. (1995) reported no differences in ME and broiler performance when an exogenous α-galactosidase enzyme was added to diets based on full-fat soybean. However, the lack of effect of the enzyme in this work might have been due to the poor efficacy of the enzyme used.
In general, the CAID of the AA was greater for OWE and SPA than for the other SBM. The values obtained agree, except for Cys, with data of Pérez et al. (1993) , Huang et al. (2005) , and Valencia et al. (2008b) but were less than those reported by Ravindran et al. ( , 2005 . The reason for the difference among authors is not known. Processing conditions might affect the digestibility of AA in SBM (Parsons et al., 1991b) . Also, the differences might be related to the methodology used. For example, Ravindran et al. ( , 2005 used older broilers than in the current research (42 vs. 21 d of age), and it has been reported that nutrient digestibility increases as the chick become older (Batal and Parsons, 2002; Gracia et al., 2003a,b) . Furthermore, variations in food intake might contribute to the differences observed in CAID. Kadim and Moughan (1997) indicated that food intake might affect apparent digestibility values by altering the relative contribution of exogenous material to the total digesta. The CAID of Cys varied from 65.8 to 55.1%, below 77% reported by Kluth and Rodehutscord (2006) for a corn-SBM diet containing 30% CP. The Cys content of trypsin and TI is high, and the binding of trypsin by TI increases the endogenous loss of this AA, which might have contributed to the low CAID observed in the samples with high TI content.
The CAID of the AA were negatively correlated (P ≤ 0.001) with the NDF content of the SBM, suggesting that fiber might be partly responsible for the variability found among samples, as has been reported by Gdala et al. (1992) for peas and by Fan et al. (1996) for canola meal. Also, van Kempen and Simmins (1997) found a strong negative relationship between NDF and CAID of AA in SBM. In fact, these authors indicated that NDF content can be used to predict the AA digestibility of ingredients, data that agree with the results of the current experiment. For example, the Pearson correlation coefficient between NDF and CAID for Lys was r = −0.745 (P ≤ 0.001). The results suggest that part of the protein of the SBM might be associated with the NDF portion of the meal in a form that results in low digestibility. Fan and Sauer (1999) have shown in peas that the NDF content is negatively correlated with the ileal digestibility of CP and AA.
The information available on the influence of TI content of the SBM on nutrient digestibility is a subject of debate. Valencia et al. (2008a,c) reported an increase in CAID of organic matter and GE in pigs when full-fat soybean (4.7 g of TI/kg) was replaced by SBM (2.7 g of TI/kg) in equivalent CP basis, and Leeson and Atteh (1996) found a negative effect of increasing TIA of the diet on broiler performance. In fact, Herkelman et al. (1992) reported that N and AA digestibility in pigs improved when the TI content of raw soy flakes was reduced from 6.8 to 1.4 mg/g by HP. However, Chang et al. (1987) did not find any significant difference in nutrient digestibility in pigs fed diets with TIA ranging from 5.3 to 1.6 mg/g. The physiological demands placed on young broilers to attain greater target weights might have rendered the modern broiler even more sensitive to TI content of their diets.
The observed differences in TI content among SBM were probably due to differences in the effectiveness of the HP applied. Clarke and Wiseman (2005) reported that samples produced by jet-sploding had TIA concentrations as low as 1.1 mg/g without any indication of overprocessing, whereas samples obtained by toasting showed browning reactions indicative of Maillard reactions. In the current experiment, the TIA of the SBM and the digestibility of the CP fraction were not consistent with the PDI values; SPA and OWE meals had the least TIA (2.4 and 1.8 mg/g, respectively) and also the greater CAID, in spite of PDI values being less than recommended by the American Oil Chemists Society (2000). Lankhorst et al. (2007) found that when PDI values were low, the relationship between PDI and HP did not work well. Furthermore, the analytical variability when measuring PDI in SBM samples is high (American Oil Chemists Society, 2000) . Therefore, PDI might not be an adequate method to evaluate the digestibility of the AA of SBM. Zarkadas and Wiseman (2005a,b) indicated that TI intake is the major factor influencing performance and digestibility coefficients in pigs. In fact, Clarke and Wiseman (2005) demonstrated that young broilers are sensitive to variation in quality of SBM even with TIA values below the threshold of 4 mg/g. However, they did not find any correlation between TIA and CAID of AA in broilers. The authors suggested that other factors, different from TIA content, could also affect AA digestibility. In the current trial, the SBM with the least TIA had the greater digestibilities, suggesting that TI content reduces nutrient digestibility. In fact, the Pearson coefficient obtained for the correlation between TIA and Lys digestibility was significant (r = −0.606; P ≤ 0.001). In addition to TI content, the CAID of AA was negatively correlated with NDF and oligosaccharide content, indicating that digestibility was affected by more than 1 factor. Moreover, the sucrose content of the SBM was positively correlated (P ≤ 0.001) with CAID of Lys (r = 0.675) and other AA.
The correlation between the in vivo and the in vitro digestibility of DM and N of the SBM tested was good (R 2 = 0.76 and 0.68, P ≤ 0.05, respectively). Schasteen et al. (2007) used an immobilized digestive enzyme assay to predict the true AA digestibility for SBM in poultry with excellent results (R 2 = 0.90). However, the authors have not found any published research on the correlation between in vivo and in vitro ileal digestibility in broilers using the Boisen and Fernández (1995) test. In acordance with the results, this in vitro procedure might be useful as a tool to predict the in vivo digestibility of DM and N of SBM in poultry.
We conclude that commercially available SBM varied in nutrient content and digestibility. The 2 SBM tested that contained less TIA, oligossacharides, and NDF, and more sucrose, resulted in greater CAID of DM, GE, N, and AA. Furthermore, the indirect methods used by the industry to evaluate the protein quality of SBM might not be adequate for comparing commercial sources of SBM. In addition, the in vitro assay tested can be used to predict the in vivo digestibility of DM and CP in SBM. The data presented indicate that the use of average values for AA content and digestibility for SBM, regardless of source, may lead to inaccuracies in feed formulation.
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